Parapapillary chorioretinal atrophy is a morphological feature of glaucomatous optic nerve damage since it occurs more often and is larger in glaucomatous eyes than in normal eyes. This study was undertaken to find the histological correlation. Optic disc photographs and histological sections through the optic disc of 21 human eyes enucleated because of malignant uveal melanoma were morphometrically evaluated. Seventeen eyes had normal intraocular pressure and four eyes showed elevated intraocular pressure and glaucomatous optic disc cupping.
histological comparison, zone 'A' correlated significantly with zone 'a' (r=0-66; p<001), and zone 'B' correlated with zone '13' (r=0 99; p<O0OOO1). Zone 'A', 'B', 'a' and '13' were larger in the four glaucomatous eyes than in the normal ones. The findings indicate that zone '13' represents histologically a complete loss of retinal pigment epithelium cells and an incomplete loss of adjacent photoreceptors. Zone 'a' may be the histological correlate of irregularities in the retinal pigment epithelium. (BrJ Ophthalmol 1993; 77: [103] [104] [105] [106] In the parapapillary region of eyes with glaucomatous optic nerve atrophy, chorioretinal abnormalities have been reported to be larger and to occur more often than in the parapapillary region of normal eyes.'7 They have been described as 'halo glaucomatosus' in eyes with end stage glaucoma.'8-2O. We have previously described them as zone '13' and zone 'a'.|417 Zone '13' adjacent to the optic disc showed visible 'bared' sclera and visible large choroidal vessels. Zone 'a' peripheral to zone '13' was characterised by an irregular hypopigmentation and hyperpigmentation. Zone 'a' bordered directly on the optic disc if zone '13' was not present. The latter was interposed between zone 'a' and the disc border. In clinical cross section studies, both zones correlated in extent and space with the intrapapillary neuroretinal rim loss, retinal nerve fibre layer defects, reduction of the retinal vessel diameter in the parapapillary region, and perimetric defects in corresponding visual field quadrants.'3 14 17 21 In a recent histomorphometric investigation, it was hypothesised that the ophthalmoscopic appearance of zone '13' was based on a complete loss ofretinal pigment epithelium cells and on an incomplete loss ofphotoreceptors.22 Zone 'a' was thought to represent pigment irregularities at the level of the retinal pigment epithelium. In search of the histological correlate of zones 'a' and '13', the present study was undertaken to perform a direct clinical histological correlation of the parapapillary chorioretinal atrophy in eyes with optic disc photographs taken before enucleation. 4 Gy.
Materials and methods
All globes were fixed immediately after enucleation in a solution of4% formaldehyde/1% glutaraldehyde. Periodic acid Schiff stained histological sections were prepared through the optic disc and pupil. The histological slide going closest through the optic disc centre was selected for evaluation. Using a planimeter tablet with the cursor illuminated and mirrored into the microscope, we determined: (1) the distance between the two ends of Bruch's membrane, (2) the thickness of the peripapillary scleral ring directly Kubota, Jonas, Naumann beneath Bruch's membrane, (3) zone 'B', defined as the length of Bruch's membrane bared of retinal pigment epithelium cells and located peripheral to the peripapillary scleral ring, and (4) zone 'A', adjacent to zone 'B' and defined as the length of Bruch's membrane covered by retinal pigment epithelium cells irregularly pigmented and structured (Fig 1) .
The optic disc photographs were projected to magnification of 1 to 15. The outlines of the -
optic disc, peripapillary scleral ring, and parapapillary chorioretinal atrophy were plotted on paper. The optic disc was defined as all the area within the peripapillary scleral ring. The latter was a white band encircling the optic disc. The parapapillary chorioretinal atrophy was divided into zones 'a' and 'a'. 13 difference was not significant on a 5% level of error of probability.
In one eye, a 'conus pigmentosus' was present correlating histologically with a hypertrophy of the retinal pigment epithelium close to the optic disc border (Fig IA, IC) .
Discussion
In this study of a direct biomorphometric histomorphometric comparison, a statistically significant correlation was found between the parapapillary chorioretinal atrophy, determined ophthalmoscopically on the one hand and histologically on the other. Zone 'a' may represent pigmentary and structural irregularities of the retinal pigment epithelium, and zone '13' may correlate with a complete loss of retinal pigment epithelium cells and an incomplete loss of photoreceptors (Fig 1) Biomorphometrically, zones 'a' and '13' are significantly larger in glaucomatous eyes compared with normal ones.'3 '4 17 In the present study, zones 'a' and '13' as well as zones 'A' and 'B' were larger in the glaucoma group than in the control group. The differences, however, were not significant, probably because of the small number of cases in the subgroups.
Pathogenetically, it remains unclear whether the parapapillary chorioretinal atrophy predisposes to glaucoma or whether it occurs parallel to or in consequence of the glaucomatous optic nerve fibre loss. The fact that in histological zone 'B' the retinal pigment epithelium was completely lost and the retinal photoreceptors were still partially present suggests that the parapapillary choriocapillaris may be responsible for the atrophy. It has been hypothesised that the increased IOP reduces the choroidal blood flow in the parapapillary region and has been shown in several studies."3' This could lead firstly to damage of the retinal pigment epithelium cells and later to a loss of photoreceptors.
Clinically, the parapapillary chorioretinal atrophy has been described as being more common in glaucomatous eyes with moderately elevated IOP, shallow disc cupping, and marked tessellated fundus compared with glaucomatous eyes with high IOP readings, deep optic disc cupping, and less marked tessellated fundus. '7 With respect to glaucomatous changes in the deep retinal layers, it remains unclear if glaucomatous eyes with a large parapapillary chorioretinal atrophy exhibit a loss of retinal pigment epithelium cells and photoreceptors only in the area close to the optic disc or whether they show a disseminated loss and alteration of retinal pigment epithelium cells and photoreceptors and uveal changes across the whole fundus as reports have previously suggested for eyes with secondary angle closure glaucoma.3233
In one eye of the present study, a conus pigmentosus or pigment ring was present at the optic disc border (Fig 1) . Ophthalmoscopically, it has to be differentiated from zone 'a' and histologically, it correlated with a hypertrophy of the retinal pigment epithelium. This indicates that it consists of pigment epithelium cells with an abnormal high grade of pigmentation with an otherwise normal structure and this is in contrast to zone 'a' which is characterised by a clumping and an irregular arrangement of retinal pigment epithelium cells.
